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heat flow = geothermal gradient x thermal conductivity

Apollo 15 Site: 21 mW/m?2
Apollo 17 Site: 16 mW/m? )
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Heat flow at A15 is higher because of the greater concentration of heat-

producing elements in the PKT crust?
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Th abundance — Kaguya Gamma-ray Spectrometer (Kobayashi et al. 2010)

Th
ppm

_10.01-05
0.51-1
Bl 1.01-15
Bl 151-2
Bl 2.01-25
Bl 251-3
Bl 301-35
Bl 351-4
Bl 401-45
Bl 451-5
B 501-55
Bl 551-6
B 601-6.5
Bl G51-7
Bl 701-75



The heat released from the lunar surface (Qs) is probably greater than the heat which flows
across the crust-mantle boundary (Q,,), because of radiogenic heat production within the crust

(i.,e., Qs> Q). The crust is thought to be more abundant in heat producing elements than the
mantle. But we do not really know how the elemental concentrations vary with depth.

radiogenic heat production
per unit mass
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Crustal thickness varies geographically from ~5 to ~80 km. Heat produced
radioactively within the crust may also vary with crustal thickness.
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Crustal Thickness — GRAIL Model 3 (Wieczorek et al. 2013)

Thickness
(km)
Bl -5
Bls1-10
B 10.1-15
B 15.1-20
B 20.1-25
Bl 25.1-30
B 30.1-35
B 35.1-40
I 40.1-45
B 45.1-50
B 50.1-55
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I 75.1-80
. 80.1-85



Central parts of Crisium and Nectaris Recommended for Heat Flow Measurements

Th (ppm)

. 10.01-05
I 0.51 - 1
Bl 1.01-15
Bl 1.51-2
Bl 201-25
Bl 251-3
B 301-35
Bl 351-4
Bl 401-45
Bl 451-5
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7.01-75
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These basins are far away from PKT and underlain
by thin (< 10 km) crust. Crustal radiogenic heat
production there is expected to be minimal. Thus,

*| the surface heat flow value (Q;) would be close to
the mantle heat flow (Q,,). Knowledge of Q,, will be
o useful for further constraining the thermal structure
of the mantle and the core.




A17 site may not be far enough away from the PKT and may be underlain
by Th-rich PKT ejecta (Hagermann and Tanaka, 2007)

Edge of a basin should be avoided.
The sharp contrast in lithology and

crustal thickness may cause
refraction of the heat flow through

the crust.
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New Lander-based Heat Flow Probe: System Overview

1: Composite Stem with ~10
integrated RTDs for thermal
gradient measurement

2: Penetrating Cone with
Thermal Conductivity Needle

3: Drive Spool
4: Pneumatic Spool

5: Guide Bushing and
Brushes




Pneumatic excavation for sensor deployment

Gas jets emitted from
the tip of the
penetrating cone blow
away regolith, while the
actuator presses it
downward.

The cone reached 1-m depthin
less than a minute, using 5 grams
of Ni gas at 400 kPa.

1-m excavation testin JSC-1Ain
a vacuum (4 Torr) chamber



Conclusions

For additional heat flow measurements, we recommend central locations
in major mare basins away from the PKT such as the Crisium and Nectaris

basins.

Heat flow in these basins may closely represent the flow out of the mantle,
which is useful for constraining the thermal structure of the deep interior of
the Moon.

Both Crisium and Nectaris are Io‘ed in the near side, and they have
wide, flat basin floors.




